Introduction {#sec1-1}
============

Impairment of cognitive functions, particularly attention and memory, frequently occurs in childhood epilepsy and often leads the patients to an academic failure.\[[@ref1][@ref2][@ref3]\] Several factors may be involved in cognitive impairment, including the side effects of antiepileptic drugs (AED).\[[@ref1][@ref4]\] For this reason, AED should also be chosen considering the tolerability and the risk-benefit ratio on a patient\'s cognitive functions and behavior.\[[@ref5]\]

Levetiracetam (LEV) has proved to be effective in the treatment of many epileptic conditions, also affecting children and adolescents, and well tolerated in most cases.\[[@ref6][@ref7][@ref8][@ref9][@ref10]\] In the literature, a few, usually short-term studies exist on LEV cognitive and behavioral effects in childhood epilepsy that use standardized tests. In a 2009 randomized, double-blind, placebo-controlled study that lasted 12-weeks, Levisohn *et al*. did not find any different neurocognitive effects in children and adolescents with partial seizures who were treated with adjunctive LEV (46 cases) or placebo (27 cases) respectively.\[[@ref11]\] For that same sample, during the same 12-week period, de la Loge *et al*. evaluated the behavioral and emotional functioning, and found increased aggressive behaviors in the patients who had been treated with LEV in comparison with those treated with placebo.\[[@ref12]\] More recently, in a 48-week open-label extension study on the effects of adjunctive LEV in a group of 103 children with partial epilepsy, Schiemann-Delgado *et al*. found a stable cognitive functioning, as well as emotional and behavioral improvements.\[[@ref13]\] However, till now, literature data on the long-term effects of LEV in childhood epilepsy, based on extensive neuropsychological evaluations using standardized tests, are still scanty.

The aim of our study was to assess, by means of objective tools, the cognitive and behavioral long-term consequences of adjunctive LEV treatment in a sample of children and adolescents with epilepsy, in relation to seizure and electroencephalogram (EEG) outcome.

Materials and Methods {#sec1-2}
=====================

Study design and population {#sec2-1}
---------------------------

This was an open-label study, observational and perspective, lasting 12 months, approved by the local Ethics Committee. An informed consent was obtained from the parents of the subjects.

We included in the study patients affected by epilepsy with focal or generalized seizures, who came to our clinic for diagnosis and treatment from February 2006 to December 2008. We considered the following inclusion criteria: Age between 6 and 16 years; full intelligence quotient (FIQ), detected by standardized instruments (see below), over 50; a therapy constituted by only one AED, at adequate therapeutic levels, at the moment of the observation. We excluded: Patients with severe psychiatric, motor, visual, auditory disorders, progressive neurological pathologies, and liver or renal diseases; patients who assumed psychotropic drugs; and pregnant or sexually active, but not using adequate contraception, adolescent girls. The starting dosage of LEV, 10 mg/kg/day, was titrated up to 30 mg/kg/day over a period of 4-weeks; in some cases, seizure and EEG outcome would determine further increases (10 mg/kg/day/week), up to a maximum dosage of 60 mg/kg/day.

The study, which lasted 12 months, was divided into five stages, identified as T~0~, T~1~, T~2~, T~3~ and T~4~, with T~0~ ("baseline") referring to the time before starting the LEV treatment and the others corresponding to 3, 6, 9, 12 months respectively. [Table 1](#T1){ref-type="table"} shows the study design, with the various clinical, instrumental and neuropsychological tests performed at each step. Reasons for the patients to drop out of the study included: Significant side effects; significant alterations of biochemical tests; poor compliance; violation of study design; lack of improvement in seizure control and/or EEG results after at least 6 months of adequate therapy.

###### 

Study design
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Clinical and electroencephalogram evaluation {#sec2-2}
--------------------------------------------

In each stage of the study, we performed a neurological examination and investigated possible AED side effects, school learning and behavior. Further, we evaluated seizure semiology and monthly frequency (mean number of seizures in a month) using the following five-point scale (from maximum improvement to maximum worsening): (a) Decreased frequency of ≥50% respect to T~0~ (baseline); (b) decreased of \<50%; (c) unchanged; (d) increased of \<50%; (e) increased of ≥50%.

We performed EEG recordings during wakefulness and sleep at T~0~, T~2~, T~4~, and only during wakefulness at T~1~ and T~3~. To evaluate the EEG we considered the frequency of paroxysmal abnormalities (PA), that is, the mean number of spikes or spike-waves in a minute, using the following five-point scale (from maximum improvement to maximum worsening): (a) Decreased of ≥50% respect to T~0~ (baseline); (b) decreased of \<50%; (c) unchanged; (d) increased of \<50%; (e) increased of ≥50%. At T~1~ and at T~3~ the comparison with T~0~ considered only EEG recording during wakefulness.

We performed the plasma assay of the AED and a biochemical test screening (complete blood count with formula, liver and renal function) at T~0~, T~2~, and T~4~.

Neuropsychological assessment {#sec2-3}
-----------------------------

We performed a different evaluation according to each of the five stages of the study, using the following tests:

Wechsler intelligence scale for children-Revised to evaluate respectively full intelligence quotient (FIQ), verbal intelligence quotient (VIQ), performance intelligence quotient (PIQ), including the supplemental verbal subtest of digit span that evaluates the short-term verbal memory in auditory modeToken test: Syntactic comprehensionVerbal fluency:\[[@ref14]\] Semantic fluencyRaven progressive matrices: Abstract reasoningRey-Osterrieth complex figure copy: Visual-constructive and visual-motor skills"Fepsy" computerized test battery: Alertness (auditory and visual reaction times \[RT\], dominant and nondominant hand); attention (binary choice RT); verbal and nonverbal working memory in visual mode (recognition of words and figures simultaneously presented)\[[@ref15]\]Strengths and difficulties questionnaire (SDQ), which includes: Emotional symptoms scale; conduct problems scale; hyperactivity scale; peer problems scale; prosocial scale; and finally total difficulties score, calculated by adding together the scores for all scales except the prosocial one.\[[@ref16]\]

Wechsler intelligence scale for children-Revised results were expressed as standard scores; digit span results as scaled scores; and the outcome of all the other cognitive tests as Z-scores. We considered "poor" all performances corresponding to a Z-score of \<−2. SDQ results were expressed as raw scores.

Statistical analysis {#sec2-4}
--------------------

We compared the results at T~0~ with the results at T~1~, T~2~, T~3~ and T~4~ using the randomization test for the cognitive tasks and the Wilcoxon Sign Rank Test for SDQ. Then, we used the Spearman\'s Rank Correlation Test in order to assess the relationship between the significant cognitive or behavioral variables and the seizure and EEG outcome. We considered statistically significant a *P* \< 0.05.

Results {#sec1-3}
=======

General data about the sampled patients and the effects of LEV are reported in [Table 2](#T2){ref-type="table"}. Ten patients (four males, six females) were included in the study; the mean age was 10 years 8 months (range: 6 years 2 months-16 years 2 months). Eight were affected by epilepsy with focal seizures, in seven cases symptomatic and in one case idiopathic. Two patients were affected by epilepsy with generalized seizures, in one subject idiopathic (juvenile myoclonic epilepsy) and in the other cryptogenic. In six cases with focal seizures, the EEG showed continuous spike and waves during sleep (CSWS), with a mean number of spikes or spike-waves in a minute over 60 during slow sleep.

###### 

General data about the sample and the effects of levetiracetam
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Intellectual level was normal in 7/10 cases and borderline in 1/10; a mild retardation was present in 2/10. 8/10 cases presented a variable impairment of school learning, which could not be assessed in 2/10 due to the patients' young age.

When the study began, six patients were already undergoing a stable monotherapy with valproic acid; two patients were being treated with ethosuximide (ESM), one with lamotrigine, and one with topiramate. All 10 cases were evaluated at least until T~2~. Six patients reached the last phase at 12 months (T~4~). Four patients dropped out of the study early on (three at T~2~, one at T~3~, respectively) due to the lack of LEV effectiveness on seizure frequency and/or EEG PA (3 cases), or failure to comply with the study design (1 case).

Seizures and electroencephalogram {#sec2-5}
=================================

Compared with T~0~, we observed a decrease in seizure frequency of ≥50% in 3/10 patients at T~1~, in 3/10 at T~2~, in 2/7 at T~3~, and in 2/6 at T~4~. About the EEG, compared with T~0~, we observed a decrease in PA frequency of ≥50% in 2/10 patients at T~1~, in 2/10 at T~2~, in 2/7 at T~3~, and in 2/6 at T~4~. Considering the different length of the trial in each patient (12 months for 6 cases; 9 months for one; 6 months for three), at the end of the study for each case we observed a ≥50% decrease in seizure frequency in 3/10 cases and in EEG PA frequency in 2/10 cases. Concerning in particular the 6 cases with CSWS, LEV treatment proved to be effective in fragmenting EEG PA during sleep in one of them at the end of the study (T~4~) \[[Table 2](#T2){ref-type="table"}\]. Mild side effects have been detected in 5/10 patients (irritability in three; drowsiness in two). No pathological alterations of biochemical tests have been detected. Plasmatic levels of AED were within the therapeutic range in all cases except one, in which ESM at T~2~ decreased slightly, and its dosage was, therefore, increased.

Neuropsychological findings {#sec2-6}
===========================

In general, no significant worsening of all cognitive performances has been detected between T~0~ and the other four stages of the study. More specifically, no significant differences have been found regarding FIQ, VIQ, PIQ, syntactical verbal comprehension, verbal fluency, visual-constructive and visual-motor skills, alertness, attention, verbal and not verbal working memory. As regards the abstract reasoning (Raven progressive matrices), we found a significant improvement from T~0~ at both T~2~ (*P* \< 0.05) and T~4~ (*P* \< 0.05) \[[Table 3](#T3){ref-type="table"}\].
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Results of neuropsychological tests
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Regarding the SDQ results, all the comparisons at T~1~, T~2~, T~3~ and T~4~ with T~0~ were not significant \[[Table 4](#T4){ref-type="table"}\].

###### 

Results of SDQ
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In considering two significant variables (abstract reasoning at T~2~ and T~4~), we searched a correlation with seizure and with EEG outcome respectively using the Spearman\'s Test, but the results were not significant.

Discussion {#sec1-4}
==========

Today, the attention of researchers studying the effects of AEDs is still focused primarily on the seizures outcome. This is understandable, but, especially in childhood epilepsy, cognitive and behavioral impairment could have a high impact on a child\'s quality of life, sometimes even higher than the seizures themselves; hence the need to limit the AED side effects as much as possible. In order to achieve this goal, the use of standardized neuropsychological tests in the evaluation of AED effects is strongly recommended. In fact, spontaneous reports regarding adverse or favorable effects can give an unreliable picture of the situation, suggesting distorted or incomplete conclusions.

Ours is one of the very few studies that aim at evaluating the long-term cognitive and behavioral effects of LEV in children, by assessing prospectively and systematically various neuropsychological functions using standardized and objective tools.

In their study of a large series of patients, Schiemann-Delgado *et al*. offer much information on this topic, but they fail to provide a comparison of FIQ, VIQ, PIQ between the start and the end of the trial, perform verbal tests, or develop a statistical analysis of the correlation between the antiepileptic effects of LEV and the emotional/behavioral improvements.\[[@ref13]\]

In our smaller sample as a whole, we did not find any significant neuropsychological worsening during the follow-up, which confirms Schiemann-Delgado *et al*. data.\[[@ref13]\] Our results suggest that adjunctive LEV does not impair cognitive and behavioral functioning in children even in the long-term; in fact, they also record an improvement in abstract reasoning (Raven progressive matrices) at both 6 months and 12 months from baseline. This is a new finding, never been reported in previous literature on the subject. In our series, the positive effects of adjunctive LEV on the performances at Raven progressive matrices were not statistically related to seizure or EEG outcome. This last observation is remarkable because it suggests the possibility that LEV could have some positive cognitive effects regardless of its antiepileptic action. Aeby *et al*. had advanced a similar possibility when identifying 2 cases, among their CSWS patients treated with LEV, with improved neuropsychological assessment, but no EEG improvement. The authors have suggested a direct action of LEV on the brain, perhaps related to its structural similarity with nootropic agents.\[[@ref7]\] One should not forget the neuroprotective effect of LEV, which has long been postulated in the literature.\[[@ref17]\]

In our series, at the end of each patient\'s trial, LEV was very effective on seizure frequency in 3/10 cases and on EEG PA frequency in 2/10 cases. These percentages are relatively low if compared to those presented in other studies,\[[@ref7][@ref8][@ref9]\] but one must consider that our patients were highly selective with high recurrence of cognitive problems, symptomatic epilepsy, and CSWS, all factors that can contribute to worsening the prognosis. About our 6 cases with CSWS, only one had a marked EEG as well as clinical improvement (particularly in abstract reasoning).

Conclusion {#sec1-5}
==========

Our data suggest that in developmental age an adjunctive AED LEV is well tolerated and does not involve an enhanced risk of negative cognitive and behavioral effects, also in a long-term follow-up. In fact, a favorable effect on abstract reasoning could also be hypothesized, regardless of LEV\'s efficacy on seizures and EEG. It would be advisable, however, to verify these findings on a numerically larger series.
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